The purpose of this study was to determine whether the breathing action in front crawl (FC) sprint swimming affects the ipsilateral upper limb kinematics relative to a non-breathing stroke cycle (SC).
Introduction

1
Researchers have often recommended that swimmers limit the number of breaths taken during a race 2 due to the possible adverse effects that the front crawl breathing action may have on stroke mechanics 2008). The disparity within the literature may be attributed to methodological issues such as whether 10 the centre of mass (COM) or hip joint was utilised to quantify the above variables, which 11 mathematical approach was implemented, and the range of swim speeds assessed within these studies.
12
Nevertheless, as breathing is a fundamental skill within front crawl swimming, it is imperative to
13
further assess what effect it may have on a swimmer's sprint performance.
15
As the arms contribute to propulsion more than the legs in front crawl swimming (Di Prampero et al.,
16
1974; Watkins and Gordon, 1983) , this study will focus on examining the effect breathing has on 
36
The shoulder motion has often been linked to the hand-path throughout the underwater stroke cycle 37 (SC) which consists of horizontal, vertical and lateral motions in order to achieve forward propulsion 
52
The elbow angle magnitude during the underwater phase of the SC has been proposed to influence the 53 hand-path trajectory (Hay et al., 1993) whilst also affecting the propulsive actions of the upper limbs 54 (Cappaert, 1998; Haffner and Cappaert, 1998) . Payton et al. (1999) is the only study to examine the 55 elbow angle between breathing and non-breathing conditions, reporting that the breathing action did 3 not influence the elbow angle range of motion (ROM) during the pull phase (breathing: 44 ± 15°; non-57 breathing: 45 ± 14°). Therefore, with the exception of only the pull phase, no study has examined the 58 elbow angle magnitudes throughout the underwater SC between breathing conditions when front 59 crawl sprinting, which could affect the capability of the upper limbs to generate propulsion.
61
The pull and push phases are regarded as propulsive and the entry and recovery phases are regarded 
76
COM velocity is strongly influenced by swimmers accelerating their hands (Schleihauf, 1984) 
208
Within the entry phase, it was found that the shoulder was flexed 6degs (8%) more during the NBr vs.
209
Br trial (p=0.01; d=1.14) (Table 1 ). Figure 2 illustrates that the shoulder abducts further within both 210 the entry (7degs; 33%) and pull (7degs; 11%) phases during the NBr compared to the Br trial (Table   211 1). There were no other significant differences between breathing conditions in relation to shoulder 212 flexion/extension and abduction/adduction ( 
296
The finding that the COM X velocity was greater during the pull phase of the NBr trial compared to 297 the Br trial was further explored to minimise any possible 'knock-on' effect from the preceding entry 298 phase, since COM X velocity was higher at the beginning of the pull phase within the NBr vs. Br trial.
299
It was found that COM X velocity decreased during the pull phase within both breathing (-0.16 ± 300 0.16ms -1 ) and non-breathing cycles (-0.10 ± 0.10ms -1 ), with the difference between breathing 301 conditions not significant (p=0.49). Therefore, it is unlikely that the kinematic differences (described 302 below) during the non-breathing SC were more beneficial in terms of generating higher propulsion.
304
Within the pull phase, the ipsilateral shoulder was further abducted from the COM (11%) and the 
